Introduction
Fast shuttering of 18 mm "Generation II" microchannel plate image-intensifiers (MCPI2) tubes has been employed' successfully for several years at Los Alamos. The larger photocathode-to-channel plate capacitance of the 40 mm MCPI 2 tubes concerned herein inherently lengthens the shutter time. The technique to be described allows gated operation of 40 mm diameter tubes with an "on-time" of 15 nsec or less, a delay of less than 8 nsec between trigger and tube turn-on, and a triggering jitter of less than 200 psec. Mixing techniques allow a single tube to be pulsed at 50 nsec intervals for up to ten consecutive pulses. Shorter "on-times" are possible with 18 mm diameter tubes which have lower photocathode to channel plate capacitance.
The MCPI 2 tube is a double proximity focusing, microchannel plate tube whose gain can be in thethousands while retaining a resolution in excess of 20 line pairs/mm. It is comprised of three sections. The first of these is the photo cathode to channel plate gap, the first proximity focussed section (see Fig. 1 ). Next is the microchannel plate, a channeled electron multiplier (MCP). The last section is the proximity focussed MCP-to-output phosphor gap. Operation of the tube requires a low voltage across the photo-cathode to MCP gap (180 volts for the ITT Type F-4113 employed in the work described herein), a voltage across the MCP of a few hundred to 1000 volts, and an accelerating voltage of 5000 volts across the MCP to phosphor gap. The gain of the assembly is linearly related to the voltage across the output gap and exponentially related to the voltage across the MCP. In the operation described herein the tube is shuttered off by biasing the input gap with -90 volts and turned on with an input pulse of +270 volts. The output phosphor is required to be at ground potential.
Basic Pulsing Requirements
For the particular application (conventional high explosive detonation physics studies) the MCPI2 Tube on-times varying from 10 ns to 30 ns were required with a trigger to tube-on jitter of less than 10 ns. In addition, it was desired to be able to sequentially pulse a tube at 50 ns or greater intervals for up to 10 pulses. Because of the high cost of the tubes (> $10,000 each), as well as simplicity; a line type pulser (Fig. 2) tube damage in case of pulser malfunction. The multiple pulsing requirement at pulse separations as low as 50 ns dictated multiple pulsers and a mixer. The 10 ns trigger to output jitter requirement, and rise and fall times commensurate with 10 ns wide pulses, suggested avalanche transistor switching. The tube capacitance (C1 in Fig. 1 vendors, but often it is found that avalanche characteristics vary greatly with vendor. Over 90% of the transistors received from National have exhibited satisfactory avalanche characteristics). Earlier experience with MPSU04's in series indicated that best operation was obtained when a resistor divider string was used to back bias the base-emitter junctions and maintain uniform voltage across each transistor irrespective of collector-emitter leakage current. It was also found that the most reliable triggering was obtained when a small capacitor ( 10 pF) was placed across the series combination of three or four of the transistors in the string and the trigger signal applied to one of these transistors. These techniques were tried with the 2N3700's with poor results. The simpler biasing scheme and single transistor trigger shown in Fig. 3 were more stable and reliable (this is essentially the scheme used by Thomas, ). An initial current bias of approximately 100 v gives a stable reliable triggering. To reduce circuit inductance, simplify printed circuit card layout, and hopefully improve rise time the transistors were bought in chip form, epoxied in "lids", and mounted in groups of six on a thick film hybrid substrate. Figure 4 shows three of the hybrid assemblies with the center one unpotted, while the end units are potted with a silastic protective coating. The pin spacing on the units is the same as a standard 16 pin dual-in-line (DIP) IC package although pins are mounted on only one side. (The additional pins are brought out to allow flexibility in triggering and in using the hybrid string in other applications where fewer than six transistors are needed). On the printed circuit card a pin layout identical to that for a 16 pin DIP IC allows plugging in two of the hybrid assemblies to form a 12 transistor avalanche string. This is shown in On the pulser chassis an output indicator showing when a given pulser has been triggered is needed -both a front panel LED indicator and a remotely readable data bus indication. Initially we tried to achieve this using TTL Shottky flip-flops. Extreme problems were had with cross-talk between indicators and finally Fairchild F40175 CMOS flip-flops were tried and found to work well. The Fairchild F40175 "D" flip-flop clocks very reliably with 10 ns wide pulses, but 40175's from other vendors that were tried were not fast enough. The circuitry used is shown in the lower right-hand corner of Fig. 3 . The coupling transformer used for the indicator circuit and monitor output is a Technitrol llGGA. 
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The output diodes allow coupling a 270 volt, 30 ps long pulse from a 50 ohm lumped line pulser for ambient light photography. These output diodes do adversely affect pulse shape and also drop about 10 volts during the pulse. The layout of the mixerattenuator is shown in Figs. 9-10. Pulser, Mixer-Attenuator Performance Fig. 7 . Rear view of pulser chassis.
copper plates with lips were added, there have been no problems with the generated 1000 volt, 35 ampere pulses affecting the low voltage logic. Figure 7 shows the rear panel. Each pulser circuit has four associated connectors -trigger input (BNC), connector for additional charge line (SHV), pulse out (SHV), and a monitor output (BNC), used to drive an oscilloscope or time interval meter.
Mixer & Attenuator Circuit
The mixer-attenuator circuit is shown in Fig. 8 . In normal operation the pulser chassis is located about 8 meters from the image intensifier camera but the cable length is not critical. The mixer-attenuator must be very close to the image intensifier tube for proper performance -there is inherent cable impedance mismatch when driving the capacitive load of the tube and the cable inductance must be minimized to achieve fast rise and fall times. At present 30 cm of RG174/u 50 ohm, 1/8" diameter cable is used but this does limit the performance. We plan to try flat ribbon cable. Figure 12 shows the output at the mixer-attenuator with the image intensifier connected through a 30 cm cable which is terminated with a 50 ohm resistor at the tube (R6 in Fig. 13 ). The pedestal on the output is due to charge-line to load impedance mismatch. The effective load impedance is the switch impedance, -22 plus the external load impedance -31 ohm.
Since the photocathode-MCP input is back biased by 90 volts the pedestal is tolerable. Rise time on the pulse is clearly less than 4 ns at this point. The pulse at the tube electrodes is smoother with little ringing but with slower rise and fall times due to the inductance of the 30 cm coupling cable.
With this system, LASL Group M-3 has made image intensifier camera photographs with effective exposure time of 15 ns. The measured resolution is 17 to 19 line pairs/mm. Most of the 40 mm tubes received to date, however, will not perform well at this speed. There appears to be a photocathode resistance problem on many tubes which prevents one from turning-on the central portion of the tube with such a short pulse.
Electrical measurements were made with a Tektronix 7904 oscilloscope, a 7A19 50 ohm input preamplifier, and a P6057 probe. The P6057 probe provides lOOx attenuation and 5000 ohms input impedance with the 7A19 preamplifier but is rated for only 50 volts. Rise time for the combination is 0.8 ns. With 10 ns to 30 ns pulses it tolerates 300 volts but will not tolerate the 1000 volt pulses. For those, a Phillips PM9358, lOOx probe used with a Tektronix 7A16A preamplifier gives a rise time of better than 2.0 ns.
Measurements indicate the jitter between trigger signal and pulse out is less than 200 ps. The delay to the output of the pulser is about 8 ns with a total delay to the mixer output of about 50 ns when using 8 meter cables. Repetition rates of 1 kHz on each pulser can be run with the 10 ns charge lines but normal operation is to single pulse the units. The most disappointing aspect of the performance has been failure problems with the transistors when trying to generate longer pulses. There appears to be a cumulative damage problem with the transistors when they are operated at this current level (35 amperes) which results in sudden shorting of transistors after a fixed number of pulses of a given length have been generated. With 10 ns pulse length, the life is several million pulses but when pulse length is increased to 30 ns the life drops to approximately 15,000 pulses. This is tolerable in our application but discouraging compared to the performance we had seen with Motorola MPSU04's, which had virtually unlimited life under similar conditions. The 2N3700's in contrast have much higher useable yield from each batch, and much lower trigger jitter and delay.
It was interesting to note in working with the pulser that while the 1000 volt, 10 ns pulses will create a visible and audible arc in air, no shock can be felt when applied to ones skin. and C4 for it is essential that C3 = C4 " C2 to preserve a low impedance gate signal path. Therefore, C9 was added to slow the rise of voltage across R3 and R4. Reasonable values for C9 were still not adequate, therefore a string of zener diodes were added across this gap to hold the transient to 180 volts. The zener diode string was actually made a back-toback string to also hold the gating voltage to a safe value. The presence of the zener diodes did not appreciably affect the gating signal rise and fall times. Figure 15 shows the transient voltage across the MCP -as high as +2700 and -1000 volts for a tube whose maximum rating was 800 volts! After modification of the time constants the transients were held within 800 volts. Therefore, though the addition of C adds to the energy available to destroy the tube if a tube arc-over should occur its presence does reduce the probability of arc-over considerably.
Physical Confiquration of Network

1963.
A donut shape for the network nicely adapts to the MCPI2 tube. The pc board carrying the network is shown in Fig. 16 with all components mounted. All external leads are brought out along one radius to fit with existing hardware. These leads are two coaxes, one for high voltage and one for the gate signal pulse and a twinax for the external gain control resistors and switch. All resistors are 1% low voltage coefficient units. The larger ones are Victoreen metal oxide, type MOX-l, and the smaller ones are metal film units.
The reliability of the capacitors in the network are a cause of concern because a capacitor shorting could destroy the image intensifier tube. Space considerations dictate that ceramic dielectric be used. Units designed for high reliability and with special individual pre-testing have been obtained from Semtech Corporation.
The entire network assembly is potted in EpoCast 202 and installed concentric with the tube.
